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Transforming growth factor- suppresses macrophage-induced
mesangial cell fibronectin expression
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Transforming growth factor- suppresses macrophage-induced ular disease has been established in both experimental
mesangial cell fibronectin expression. animal models of renal disease [1, 2] and in humans [3].
Background. We have previously shown that macrophages Activated macrophages are known to secrete various mol-are able to promote prosclerotic responses in rat mesangial
ecules into their local environment, which could all con-cells. Th2-type cytokines, including interleukin-10 (IL-10), IL-13,
tribute to glomerular injury [4]. For example, we haveand IL-4 as well as transforming growth factor- (TGF-),
are known to have suppressive effects on various aspects of shown that macrophage-derived factors can promote a
macrophage function. In the current study, we investigated the number of prosclerotic responses in mesangial cells, in-
effect of TGF- pretreatment on the ability of macrophages cluding up-regulation of the expression of extracellularto induce fibronectin expression.
matrix proteins fibronectin, laminin and collagen IV, theResults. Conditioned medium from TGF- pretreated mac-
profibrotic growth factors transforming growth factor-rophages (MPCMTGF) induced lower fibronectin levels in mes-
angial cells in both the secreted and cell-associated forms, com- (TGF-) and platelet-derived growth factor (PDGF), and
pared with conditioned medium from standard macrophages the modulators of matrix protein turnover transin (MMP3)
(MPCM) (5.5  0.2 vs. 3.4  0.3 and 4.05  0.45 vs. 2.3  0.2-
and tissue inhibitors of metalloproteinase (TIMP-1) [5].fold increase over medium alone for MPCM versus MPCMTGF
Largen et al have reported that mesangial cell-derivedin supernatants and cell lysates, respectively). Northern blot
analysis demonstrated that fibronectin message was marginally factors can, in their turn, modulate macrophage recruit-
reduced to 0.88 0.04 (P 0.03 vs. MPCM, N 3) of MPCM- ment and activation [6]. We further demonstrated that
induced levels. However, mesangial cell transin mRNA levels exposure of mesangial cells to macrophage-derived prod-
induced in response to MPCMTGF were 2.29 0.47-fold greater ucts results in an up-regulation of mesangial cell MCP-1than those induced by standard MPCM (P  0.03 vs. MPCM,
mRNA levels, suggesting that macrophages could indi-N  4). TIMP-1 mRNA levels were also increased in response
to MPCMTGF, but only by 1.43  0.1-fold (P  0.02 vs. MPCM, rectly modulate their own recruitment into the glomeru-
N  5). Casein-FITC digestion studies confirmed that lus by stimulating mesangial cells to express MCP-1 (ab-
MPCMTGF stimulated more mesangial cell caseinolytic activity stract; Pawluczyk et al, Kidney Int 52:262, 1997). Such athan did MPCM. In addition, MPCM-mediated up-regulation
positive feedback loop would lead to progressive macro-of mesangial cell TGF- mRNA and protein expression was
phage accumulation with concomitant disregulated se-significantly reduced in response to conditioned medium from
macrophages pretreated with TGF-. cretion of prosclerotic factors unless a counter-regula-
Conclusion. This study suggests that TGF- is able to regu- tory mechanism existed.
late negatively the profibrotic effects of macrophages on mes- Th2-type cytokines such as interleukin-10 (IL-10), IL-13,angial cells by both enhancing matrix degradation and reducing
and IL-4 as well as cytokines of the TGF family havesynthesis.
been shown to be potent negative regulators of monocyte
function. For example, IL-10 can suppress the production
of prostaglandin E2 (PGE2) and numerous pro-inflamma-Glomerulosclerosis is characterized histologically by
tory cytokines such as tumor necrosis factor- (TNF-),the expansion of the mesangium and deposition of extra-
IL-1, and IL-6 by activated monocytes [7–9]. TGF- cancellular matrix. Although the etiology of renal scarring
stimulate the release of IL-10 by mesangial cells [10],is multifactorial, accumulating evidence suggests that
and mesangial cell-derived TGF- has been shown to sup-macrophages play a pivotal role in this process. A close
press cytokine expression by lipopolysaccharide (LPS)-correlation between macrophage infiltration and glomer-
stimulated macrophages [11]. Although TGF- has been
implicated in the pathogenesis of progressive renal scar-Received for publication July 26, 2000
ring as a potent profibrotic growth factor [12], it alsoand in revised form February 19, 2001
Accepted for publication March 12, 2001 could play a pivotal role in down-regulating the proscle-
rotic response within the glomerulus. 2001 by the International Society of Nephrology
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The aim of the present study, therefore, was to exam- Culture of mesangial cells in the presence of MPCM
ine the effect of TGF- on the ability of macrophages Confluent, quiescent mesangial cells were exposed
to promote mesangial cell fibronectin expression. to medium alone or to a 50% solution of MPCM or
MPCMTGF. In further experiments, 50% MPCM was
combined with 10 g/mL of a pan-specific anti–TGF--METHODS
neutralizing antibody (R&D Systems, Minneapolis, MN,
Unless otherwise stated, chemicals and reagents were USA). The FCS concentration remained at 0.5% in all
obtained from the Sigma Chemical Company (Poole, Dor- experiments. Incubations were carried out for three days.
set, UK). Mesangial cell culture supernatants and cell lysates were
then assayed for fibronectin.Culture of rat mesangial cells
For Northern blot analysis confluent, quiescent mesan-
Glomerular cells were cultured from the glomerular gial cells were exposed to 50% solutions of MPCM (anti–
explants of adult Wistar rat kidneys using standard tech- TGF- antibody) or MPCMTGF or to medium alone for
niques [13]. The cells were cultured in RPMI 1640 sup- 24 hours, following which mRNA was extracted.
plemented with 20% heat-inactivated fetal calf serum
(FCS), 100 U/mL penicillin (GIBCO, Paisley, Scotland, Preparation of cell lysates
UK), 100g/mL streptomycin (GIBCO), 5g/mL bovine Following removal of tissue culture supernatants, cell
insulin, and 2 mmol/L glutamine (GIBCO). Cultured cells monolayers were washed with phosphate-buffered saline
were characterized by their typical stellate fusiform mor- (PBS), scraped into 1% Nonidet P40 in wash buffer (PBS
phology, their positive staining for the Thy-1 antigen [14], containing 0.3 mol/L NaCl and 1% Tween 20), and then
and their resistance to the toxic effects of D-valine [15]. incubated at room temperature for approximately 30 min-
Mesangial cells of passages 2 through 10 were cultured utes. The cell scrapings were then transferred into 2 mL
in 24-well plates (ICN Flow, Cleveland, OH, USA) or tubes and sonicated for 5 seconds and centrifuged for
25 cm2 flasks (Corning, Corning, NY, USA), allowed to 30 seconds at 11,600  g. Sonication and centifugation
grow to confluence, and then rendered quiescent in were repeated, following which the lysate supernatants
RPMI medium containing 0.5% FCS for 72 hours prior were assayed for fibronectin and total cell protein.
to use.
Casein digestion assay
Isolation of macrophages and preparation of MPCM To examine the caseinolytic activity in mesangial cell
Macrophages were obtained from adult Wistar rats culture supernatants, fluorescein isothiocyanate (FITC)-
by injecting 10 mL of 3% thioglycollate broth into the labeled casein was utilized [17]. Casein-FITC was dis-
peritoneal cavity. After five days, the peritoneal cavity solved in 0.5% FCS/RPMI to a concentration of 5 mg/mL.
was lavaged with 20 mL cold Hank’s balanced salt solu- In the last eight hours of mesangial cell exposure to
tion (HBSS). The majority (90%) of the exudate cells MPCM, MPCMTGF or medium, 15 L of casein-FITC
obtained in this way were macrophages, as judged by solution was added per mL per well. Following the eight-
positive immunohistochemical staining for the rat mono- hour incubation period, 350L of 10% TCA were added
cyte/macrophage marker ED1 (Serotec, Oxford, UK). to an equal volume of mesangial cell tissue culture super-
MPCM was prepared using a modified method of Kohan natant. The TCA-insoluble protein was pelleted by cen-
and Schreiner [16]. The exudate cells were purified by trifugation at 13,000 rpm for two minutes. Fifty micro-
temporarily plating them at a cell density of 5  105 liters of each supernatant were neutralized with an equal
cells/mL in 25 cm2 tissue culture flasks. After a two-hour volume of 1 mol/L Tris. The solutions were subsequently
incubation at 37% in a humidified 5% CO2 95% air atmo- diluted 1/10 with water. Fluorescence was determined
sphere, nonadherent cells were removed by washing with on a fluorimeter (high-speed multiwavelength illumina-
HBSS buffered with 20 mmol/L HEPES. The macro- tor; Photon Technology International, Monmouth Junc-
phages were then stimulated with LPS (from Escherichia tion, NJ, USA) using an excitation wavelength of 485 nm
coli 026 B6) at a final concentration of 1 g/mL for 16 and an emission wavelength of 538 nm.
hours or with LPS plus 25 ng/mL TGF- (R&D Systems,
AssaysMinneapolis, MN, USA). The macrophages were then
washed three times to remove LPS and TGF- and cul- Fibronectin ELISA. Culture supernatants or cell ly-
tured for a further 48 hours in serum-free RPMI to gen- sates were assayed for fibronectin using an inhibition
erate standard or TGF-–treated conditioned media enzyme-linked immunosorbent assay (ELISA), as pre-
(MPCM and MPCMTGF, respectively). MPCM or MPCMTGF viously described [5].
was centrifuged for 10 minutes at 2000 rpm and frozen TGF-b ELISA. This was carried out on acid-activated
tissue culture supernatants using a commercially avail-at 	20
C until required.
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able assay system (Promega, Madison, WI, USA) ac-
cording to the manufacturer’s instructions.
Protein determination. The protein content of cell ly-
sates dissolved in 1% Nonidet P40 was determined by
a BioRad DC protein assay using bovine serum albumin
(BSA) standards.
Northern blotting
Total RNA was extracted using TRIzol reagent (GIB-
CO), a monophasic solution of phenol and guanidinium
thiocyanate, based on a method of Chomczynski and Sac-
chi [18], according to the manufacturer’s instructions.
Thirty microgram aliquots of RNA were electrophoresed
on a 1% agarose gel containing 1.9% formaldehyde, Fig. 1. Effect of transforming growth factor- (TGF-) pretreatment
of macrophages on their ability to stimulate mesangial cell fibronectinin MOPS (3-[N-morpholino]propane-sulfonic acid). The
production. Confluent, quiescent mesangial cells were exposed to condi-resolved RNA was transferred on to Hybond-N nylon
tioned media from standard macrophages (MPCM), conditioned media
membranes (Amersham, Arlington Heights, IL, USA) by from TGF- pretreated macrophages (MPCMTGF), MPCM  10 ng/mL
TGF-, 25 ng/mL TGF-  1 g/mL lipopolysaccharide (LPS), orcapillary action using 20  standard saline citrate (SSC;
medium alone for three days. Fibronectin was assayed in tissue culture1  SSC  15 mmol/L tri-sodium citrate, 150 mmol/L
supernatants. Fibronectin levels are expressed as the fold increase over
sodium chloride). The membranes were prehybridized medium alone. Results are expressed as means  SEM (N  3).
*P 0.001 vs. medium; **P 0.006 vs. MPCM; #P 0.002 vs. medium.for four hours at 42
C with 200 g/mL denatured salmon
sperm DNA in 50% formamide, 1% sodium dodecyl
sulfate (SDS), 5  Denhardt’s, 5  SSPE [1  SSPE 
Statistics and data processing11.5 mmol/L sodium phosphate, 150 mmol/L sodium chlo-
ride, 1 mmol/L ethylenediaminetetraacetic acid (EDTA)]. Mesangial cell fibronectin protein levels were cor-
rected for cell protein. Fibronectin levels in response toThe membranes were then hybridized overnight with a
32P-dCTP cDNA probe, which had been Klenow DNA MPCM and MPCMTGF have been expressed as the fold
increase over control (medium alone). For analysis ofpolymerase-labeled using a random primer-labeling sys-
tem (Prime-a-Gene; Promega, Southampton, UK) in fresh Northern blots by densitometry, data from MPCM-
treated mesangial cells (after normalization for RNAhybridization buffer. Following hybridization, the mem-
branes were washed twice with 1% SDS, 2  SSPE at loading with the housekeeping gene cyclophilin) were
assigned a value of one. Values from MPCMTGF-treatedroom temperature, twice with 0.2% SDS, 0.2% SSPE at
65
C, then exposed to X-omat LS film (Kodak, Roches- cells were expressed as a fraction of this value. Results
are expressed as means  SEM. For comparison ofter, NY, USA) with intensifier screens at 	70
C. Mem-
branes were subsequently stripped in boiling 5% SDS, means between two groups, an unpaired t test was em-
ployed. Statistical significance was defined as P  0.05.0.5  SSPE before reprobing. Densitometric analysis of
the transcripts was carried out on a BioRad GS 700
imaging scanner. RNA loading was normalized using a
RESULTS
cDNA probe for cyclophilin. Cyclophilin, a nonstructu-
Effect of TGF- pretreatment of macrophagesral protein, is not differentially expressed by the condi-
on their ability to stimulate mesangial celltions used in our system.
fibronectin accumulation
Probes To ascertain whether TGF- pretreatment of macro-
phages could suppress their ability to induce mesangialAll of the cDNA probes were generous gifts: cDNA
for rat fibronectin was from Dr. R.O. Hynes (Massachu- cell matrix accumulation, fibronectin ELISAs were car-
ried out on the tissue culture supernatants of MPCMsetts Institute of Technology, Boston, MA, USA) [19].
Murine TIMP-1 cDNA was from Dr. D.T. Denhardt and MPCMTGF-stimulated mesangial cells. Both MPCM
and MPCMTGF stimulated mesangial cell fibronectin over(Department of Biochemistry, Rutgers University, Pis-
cataway, NJ, USA) [20]. Rat transin cDNA was from Pro- medium alone (Fig. 1). However, MPCMTGF stimulated
significantly less fibronectin than standard MPCM (Fig. 1).fessor R. Breathnach (Laboratoire de Recherche, Nantes,
France) [21]. Murine TGF- cDNA was from R. Akhurst Similar results were obtained for cell-associated fibro-
nectin assayed in mesangial cell lysates (4.05  0.45 vs.(Department of Medical Genetics, Glasgow University,
Glasgow, Scotland, UK) [22]. Human cyclophilin cDNA 2.3  0.2-fold increases over medium alone for MPCM
vs. MPCMTGF). The fibronectin concentration in mesan-was from SmithKline Beecham Pharmaceuticals (King
of Prussia, PA, USA). gial cell culture supernatants was 132.6  31 ng/g cell
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protein. Fibronectin was not detected in MPCM per se.
To verify that the observed effects were due to a direct
action of TGF- on macrophages and not the result of
any contaminating TGF- and LPS in the final MPCM,
mesangial cells were cultured with 1 g/mL LPS in com-
bination with 25 ng/mL TGF-. This combination re-
sulted in a 2.5-fold increase in mesangial cell fibronectin
levels over those induced by medium alone (20.0  6.3
vs. 8.0  2.0 g/mL fibronectin, respectively, N  4;
Fig. 1). Similarly, when mesangial cells were cultured
with MPCM to which 10 ng/mL TGF- had been added,
supernatant fibronectin levels increased 1.47  0.12-fold
(8.3  0.74 vs. 6.4  0.29 g/mL fibronectin, N  3)
over those induced by MPCM alone (Fig. 1). We have
previously shown that 10 ng/mL TGF- alone induces a
modest 1.5-fold increase in mesangial cell supernatant
fibronectin levels [23]. The direct addition of 1 g LPS
to mesangial cells had no effect on fibronectin levels.
These results demonstrate that the direct effect of TGF-
alone or in combination with LPS on mesangial cells is
to increase fibronectin levels rather than decrease them.
Effect of TGF- pretreatment of macrophages on
mesangial fibronectin mRNA levels
To delineate the underlying mechanism of fibronectin
suppression in mesangial cells, the effects of MPCMTGF
and MPCM on fibronectin mRNA levels were investi-
gated. Northern blot analysis revealed that mesangial
cell fibronectin mRNA levels were only slightly lower
Fig. 2. Effect of TGF- pretreatment on fibronectin mRNA levels.in response to MPCMTGF compared with MPCM (0.88  RNA was extracted from mesangial cells following exposure to MPCM
0.04 of MPCM, P  0.026 vs. MPCM, N  5; Fig. 2). or MPCMTGF for 24 hours. Northern analysis demonstrated a small
reduction in fibronectin mRNA levels compared with MPCM (0.88 
0.04 of MPCM, P 0.026, vs. MPCM, N 5). Results show a representa-Effect of TGF- pretreatment of macrophages on
tive blot (A) with densitometric analysis (B) from all five experiments,mesangial cell transin and TIMP-1 mRNA levels normalized for RNA loading. Densitometric units for MPCM have been
assigned an arbitrary value of one.Since matrix accumulation can also occur as result of
a decrease in matrix degradation, Northern analysis was
carried out to assess whether changes in the expression
culture supernatants, the cleavage of casein-FITC wasof the modulators of fibronectin turnover, namely transin
directly measured in culture. The casein digestion assay(MMP3) and TIMP-1, could be observed. Northern blot
detected increased caseinolytic activity in MPCMTGF-analysis demonstrated that MPCMTGF induced a 2.29 
stimulated mesangial cell culture supernatants over0.47-fold increase in mesangial cell transin mRNA levels
MPCM-stimulated supernatants (2.87  104 vs. 3.61 over those induced by standard MPCM (P  0.03 vs.
104 vs. 1.76  104 arbitrary fluorescence units/g cellMPCM, N  4; Fig. 3). Under basal conditions (me-
protein for MPCM, MPCMTGF, and medium alone, re-dium alone), transin mRNA could not be detected.
spectively; Fig. 5).TIMP-1 mRNA expression, on the other hand, was in-
creased by only 1.43  0.1-fold (P  0.002 vs. MPCM,
Effect of TGF- pretreatment of macrophagesN  5; Fig. 4).
on mesangial cell TGF- mRNA levels and
protein secretionEffect of TGF- pretreatment of macrophages on
mesangial cell caseinolytic activity We have previously demonstrated that macrophage
products can up-regulate mesangial cell TGF- expres-The milk-derived glycoprotein casein is frequently
sion both at the mRNA and protein levels [5]. Northernused to measure stromelysin activity because of its rela-
blot analysis was carried out to assess whether condi-tive resistance to the effects of gelatinases and collagen-
tioned medium from TGF-–pretreated macrophages af-ases. To determine the relative levels of caseinolytic ac-
tivity in MPCM and MPCMTGF-stimulated mesangial cell fected mesangial cell TGF- expression. MPCMTGF stim-
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Fig. 4. Effect of TGF-–pretreated macrophages on mesangial cell
Fig. 3. Effect of TGF- pretreatment of macrophages on mesangial tissue inhibitor of metalloprotein-1 (TIMP-1) mRNA levels. RNA was
cell transin mRNA levels. RNA was extracted from mesangial cells extracted from mesangial cells following exposure to MPCM or
following exposure to MPCM or MPCMTGF for 24 hours. Northern MPCMTGF for 24 hours. Northern blot analysis demonstrated that
analysis demonstrated that transin mRNA levels in response to TIMP-1 mRNA levels were increased 1.43  0.1-fold in response to
MPCMTGF were increased 2.29  0.47-fold over those induced by stan- MPCMTGF over those of standard MPCM (P 0.002 vs. MPCM, N 5).
dard MPCM (P 0.03 vs. MPCM, N 4). Results show a representative Results show a representative blot (A) and densitometric analysis (B)
blot (A) and densitometric analysis (B) from all four experiments nor- from all five experiments normalized for RNA loading. Densitometric
malized for RNA loading. Densitometric units for MPCM have been units for MPCM have been assigned an arbitrary value of one.
assigned an arbitrary value of one.
ulated only 0.65  0.14 of the TGF- message levels els [23]. Moreover, we also showed that the addition of
induced by standard MPCM (P 0.04 vs. MPCM, N 5; an anti–TGF--neutralizing antibody to MPCM could
Fig. 6). Moreover, MPCMTGF stimulated less TGF- pro- reduce mesangial cell fibronectin levels by approxi-
tein secretion by mesangial cells than did standard mately 20% [23]. TGF-, of course, can modulate matrix
MPCM (96.5  9.6 vs. 36.4  2.9* vs. 13.6  4.0 pg levels by attenuating matrix metalloproteinase synthesis
TGF-/g protein secreted in response to MPCM, as well as up-regulating matrix metalloproteinase inhibi-
MPCMTGF, and medium alone, respectively, *P  0.001 tor expression. If mesangial cell-derived TGF- secreted
vs. MPCM, N  4). TGF- was not detected in MPCM in response to MPCM is normally responsible for sup-
per se (Fig. 6). pressing transin production, a decrease in endogenous
TGF- levels or inhibition of TGF- action would be
Effect of TGF- antibody on mesangial cell transin expected to result in an increase in transin expression
and TIMP-1 mRNA levels with a concomitant decrease in fibronectin protein levels.
To test this hypothesis, mesangial cells were culturedWe have previously shown that TGF- only has mod-
est effects on cultured rat mesangial cell fibronectin lev- in the presence of MPCM  10 g/mL anti–TGF--
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Fig. 5. Effect of TGF-–pretreated macrophages on mesangial cell
caseinolytic activity. Mesangial cells treated with MPCM, MPCMTGF,
or medium alone were assessed for their ability to degrade casein-FITC.
Data are expressed as mean  SEM arbitrary fluorescence U/g cell
protein (MPCM vs. MPCMTGF, P  0.03; MPCM and MPCMTGF vs.
medium alone, P 0.004). This is representative from four experiments
carried out in quadruplicate.
neutralizing antibody. Transin and TIMP-1 mRNA ex-
pression was monitored by Northern analysis. In the
presence of TGF-–neutralizing antibody, there was a
2.85  0.45-fold increase in MPCM-induced mesangial
cell transin mRNA over levels induced in the absence
of antibody (P 0.012 vs. MPCM, N 4; Fig. 7). TIMP-1
mRNA levels were suppressed in the presence of anti-
body to 0.57  0.08 of non–antibody-treated MPCM
Fig. 6. Effect of TGF-–pretreated macrophages on mesangial cell(P  0.002 vs. MPCM, N  3; Fig. 8). TGF-mRNA levels. RNA was extracted from cells exposed to MPCM
or MPCMTGF for 24 hours. Northern blot analysis demonstrated that
TGF- mRNA levels were reduced to only 0.65  0.14 of the TGF-
message levels induced by standard MPCM (P 0.04 vs. MPCM, N 5).DISCUSSION
Results show a representative blot (A) with densitometric analysis (B)
A glomerular infiltrate of macrophages is a common from all five experiments, normalized for RNA loading. Densitometric
units for MPCM have been assigned an arbitrary value of one.pathobiological feature of renal diseases that progress
to glomerulosclerosis. Accumulating evidence suggests
that these cells play a central role in the initiation of the
scarring process within the glomerulus [1–3]. Activated pretreated macrophages exhibit a reduced expression of
macrophages elaborate a host of inflammatory mediators LPS-induced IL-1, IL-6, TNF-, and MCP-1 mRNA
into the local glomerular milieu that are capable of alter- and protein levels, as well as a decrease in other macro-
ing the secretory phenotype of the resident glomerular phage functions [11, 24, 25]. This suppressive effect has
cells including mesangial cells [4–6]. The balance of this been reproduced by mesangial cell-conditioned medium
macrophage:mesangial cell “cross-talk” will ultimately and identified as endogenously derived TGF-. Taken
determine whether there is progressive scarring or reso- together, these data suggest that glomerular mesangial
lution following a renal injury. cell-derived TGF- could play a role in the process of
Transforming growth factor- is universally regarded macrophage inactivation [11].
as a profibrotic agent up-regulating not only extracellular While other studies have largely focused on the sup-
matrix protein synthesis, but also reducing matrix degra- pressive effects of various cytokines on aspects of the
dation. The current study addresses the possibility that macrophage phenotype, the current study has examined
TGF- may also play a counter-regulatory, antifibrotic the effects of TGF-–suppressed macrophages on their
role via its well-established immunosuppressive actions. ability to directly affect mesangial cells. Our study has
demonstrated that TGF-–pretreated macrophages havePrevious in vitro studies have demonstrated that TGF-–
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Fig. 7. Effect of anti–TGF- antibody on mesangial cell transin mRNA
levels. RNA was extracted from cells exposed to MPCM  10 g/mL
anti–TGF- antibody for 24 hours. Northern blot analysis demonstrated Fig. 8. Effect of anti–TGF- antibody on TIMP-1 mRNA levels. RNA
a 2.85  0.45-fold increase in transin mRNA levels in the presence of was extracted from mesangial cell following a 24-hour exposure to
anti–TGF- over levels induced in the absence of antibody (P  0.012 MPCM  10 g/mL anti–TGF- antibody. Northern analysis demon-
vs. MPCM, N  4). Results show a representative blot (A) and densito- strated that TIMP-1 levels were down-regulated to 0.57  0.08 of stan-
metric analysis (B) from all four experiments normalized for RNA dard MPCM in the presence of anti–TGF- compared with levels in
loading. Densitometric units for MPCM have been assigned an arbitrary the absence of antibody (P  0.002 vs. MPCM, N  4). Results show
value of one. a representative blot (A) and densitometric analysis (B) from all four
experiments normalized for RNA loading. Densitometric units for
MPCM have been assigned an arbitrary value of one.
a reduced ability to induce prosclerotic responses in mes-
angial cells. We have shown that fibronectin protein lev-
els, both in the secreted and cell-associated forms, are gests that decreased synthesis could also contribute to
the reduction of fibronectin protein levels. Our resultssignificantly lower in response to TGF-–pretreated mac-
rophages compared with standard macrophages. This ob- show that TGF- pretreatment of macrophages causes
an increase in both transin and TIMP-1 mRNA by mes-servation largely may be explained by a marked increase
in matrix degradation, although the small decrease in angial cells. The expression of transin mRNA is of a
much higher magnitude, and since inhibitor and metallo-fibronectin message seen in response to MPCMTGF sug-
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Fig. 9. Schematic representation of the suppressive role of TGF- in the proposed relationship between macrophages and mesangial cells. Intensity
of the lines or print infers relative degrees of production. Boxes represent the events occurring at gene level. Abbreviations are: MC, mesangial
cell; M, macrophage, TIE, TGF- inhibitory element.
proteinase interact with a 1:1 molar stoichiometry, the induced glomerular transin gene expression was sup-
pressed in nephritic glomeruli that exhibited endogenousgreater expression of transin over TIMP-1 mRNA would
be expected to tip the balance in favor of matrix degra- production of active TGF- [26]. Matrisian’s group have
ascribed the mechanism of TGF-–mediated transindation. The casein-FITC digestion assay lends support
to this hypothesis, since an increased level of caseinolytic gene suppression to a TGF- inhibitory element in the
transin gene promoter [27, 28]. Reduced levels of endog-activity was observed in the culture supernatants of
MPCMTGF-stimulated mesangial cells compared with enously produced TGF- therefore would be expected
to result in an overall increase in matrix degradation dueMPCM-stimulated cells.
We have previously reported that mesangial cell expres- to reduced suppression of transin gene expression. In
the present study, inhibition of endogenous TGF- ac-sion of both TGF- protein and mRNA levels is up-reg-
ulated in response to MPCM [5]. In the current study, mes- tion using an anti–TGF--neutralizing antibody resulted
in increased expression of transin message levels, thusangial cell TGF- mRNA and protein levels were found
to be significantly attenuated in response to MPCMTGF supporting the hypothesis that reduced mesangial cell-
derived TGF- levels disinhibit transin gene expression,compared with MPCM. We recently demonstrated that
TGF- can actively suppress IL-1 or TNF-–induced resulting in an overall increase in matrix degradation and
hence a decrease in extracellular matrix levels. However,expression of mesangial cell transin mRNA resulting
in an overall increase in fibronectin protein levels [23]. unlike MPCMTGF, anti–TGF- antibody treatment had
the effect of reducing mesangial cell TIMP-1 expression.Furthermore, Kitamura demonstrated that macrophage-
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